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Abstract 
Minimizing the hydraulic retention time (HRT) of a sequencing batch reactor (SBR) treating tannery wastewater 
it is an important goal. Different HRTs were tested and the best value was chosen according to the soluble COD 
removal efficiencies. After that, a series of experiments was carried out with two cationic polyelectrolytes 
added to the system in two different modes in order to improve the quality of the effluent. Both modes were 
evaluated in terms of soluble COD, suspended solids concentration and turbidity in the final effluent. Results 
show that the reduction of the HRT to 2 days did not diminish the COD removal efficiencies (values around 
90%). After adding 4 mg L-1 of CH-30 polyelectrolyte in the SBR effluent, the turbidity and the total suspended 
solids concentration in the final effluent were reduced to values lower than 10 NTU and 100 mg L-1, 
respectively. 
Keywords: SBR, Tannery wastewater, Sludge settleability, Polyelectrolytes 
1. Introduction  
Wastewater from tanneries processing raw hides is characterized by high organic matter 
concentration and salinity (sulphates, chlorides and trivalent chromium). Usually between 24 - 37 m3 
of water per tonne of processed leather is required in the process, having a great environmental 
impact. As a consequence of productive cycle, the conductivity in the global wastewater can vary 
between 8 and 12 mS cm-1, meanwhile pH values range between 8 and 10 and soluble chemical 
oxygen demand (COD) values are between 1500-4000 mg L-1. 
The use of a wide range of chemicals in the tannery processes contributes to a low biodegradability 
of their wastewater. Thus, the conventional biological treatments are frequently inadequate due to 
the complexity of chemicals used in the process. This is the reason why alternative or 
complementary treatments to biological processes like advanced oxidation processes [1, 2] or 
membrane techniques [3, 4] have been reported in the literature.  
Among the biological treatments, SBR could be a suitable option to treat this type of wastewaters. 
SBR is a process widely studied for high polluted wastewaters. The difference with a conventional 
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activated sludge (CAS) process lies on the operation in cycles, which consist of a series of phases, 
including reaction and sedimentation [5, 6]. It has been reported that the selection of 
microorganisms that are able to degrade synthetic and slowly biodegradable compounds is enhanced 
by the dynamic conditions that are typical of periodic systems like SBRs. In the literature, studies of 
degradation of different industrial wastewaters (for example from textile and from chemical and 
petrochemical industries) by means of SBR technology have been reported [7-9].  
The main problems of the biological treatment of tannery wastewaters are the non-biodegradable 
fraction of the organic matter (this implies a refractory COD in the process effluent), the high 
hydraulic retention times (HRT) required for the treatment and poor sludge settleability due to high 
and oscillating salinities. Concerning wastewater COD, Karahan et al. [10] identified through particle 
size distribution and oxygen uptake rate analysis a very slowly biodegradable fraction that exerted an 
inhibitory effect on the biomass, which is related with the required high HRTs. Di Iaconi et al. [11] 
reported an increase (from 90 to 96%) in the COD removal efficiency in a biological treatment of 
tannery wastewaters by previous ozonation, what achieved the break of large non-degradable 
molecules into more simple organic molecules that could be degraded in the biological stage. 
Regarding to sedimentation problems, it has to be commented that high and variable salinity causes 
the improper formation of activated sludge aggregates [12]. Thus, high salinity can lead to the 
deterioration of effluent quality (high turbidity) and, as a consequence, sludge washout [13]. In order 
to avoid problems related to sedimentation, some authors [14] have proposed to use membrane 
bioreactors for tannery wastewaters, but the high operating costs of this process and the membrane 
fouling caused by the non-degradable COD and by scaling have stopped its application. Thus, the 
addition of polyelectrolyte either to the reactor before the sedimentation phase or to the treated 
effluent in a separated tank could be a feasible alternative.  
On the other hand, polyelectrolytes are widely used for physical-chemical treatment and sludge 
dewatering. Prior to its use, laboratory tests have to be carried out to optimize the process. Previous 
works have investigated the settleability process by studying the flocs structure and the sludge-water 
separation. The density and diameter of flocs are known to affect the settling behaviours [15]. 
However, the flocs size is relatively more significant in determining settling rate.  
Its application to industrial wastewaters has a great future as they usually do not have to treat very 
high wastewater volumes (which could be a limitation and would drive to install several reactors in 
parallel) [16]. Industrial effluents are characterized by high salt concentrations and presence of low 
biodegradable substances, which create problems like loss of settleability and poor final effluent 
quality in the conventional activated sludge reactors. However, these problems could be diminished 
when a SBR process is used [17].  
In this paper the biological treatment by SBR of tannery wastewaters has been studied. Firstly, the 
SBR was started-up and afterwards the work was focused on the solution of the two main problems 
of the process: the excessive HRT and the problems occurred in biomass sedimentation. Although 
there are papers in the literature dealing with biological tannery wastewater treatment, only a few 
papers emphasize these items, whose solution is required so that full-scale plants could be feasible. 
Thus, testing of different HRTs could contribute to maintain an effective reduction of soluble COD, 
suspended solids and turbidity in the effluent. 
2. Materials and methods 
2.1. Sequencing batch reactor 
Experiments were carried out in a laboratory SBR plant (Fig. 1). It consists in a polyethylene tank of 
11 litres of capacity. The reactor diameter is 21.5 cm and its height is 30 cm. with a total working 
volume Vreaction) of 6L. There are two automatic valves at the top of the tank, one that opens for the 
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feeding phase and the other that opens for draining the supernatant (after the settling phase). Filling 
and draining were carried out with peristaltic pumps (D-25 V from Dinko). A manual valve, located at 
the bottom, was opened for withdrawing the excess of the sludge produced in the SBR. 
Homogeneous mixing in the reactor was provided by a Heidolph mechanical stirrer and the air was 
supplied by means of a compressor connected to a diffuser located at the bottom of the reactor. The 
compressor ensures an oxygen concentration in the system between 2-3 mg L-1. The different 




2.2. Tannery wastewater samples 
Wastewater samples were supplied from a tannery industry located in Valencia. The samples were 
taken from the effluent of the physical-chemical treatment carried out in the industry. Due to the 
variable salinity, this effluent was previously diluted when conductivity was higher than 9 mS cm-1. In 
this way, settling problems would not be associated to the salinity variation. This can be avoided at 
an industrial scale by an equalizer tank.  
The average chemical composition of the diluted tannery wastewater is shown in Tab.1. Total and 
suspended solids were measured according to Standard Methods [18]. Phosphorous and soluble COD 
were determined using cell tests from Spectroquant NOVA 60 de Merck. Conductivity and pH were 




2.4. Experiments and measurements 
2.4.1. SBR experiments 
The inoculum (mixed liquor) for the SBR laboratory plant was taken from the biological reactor of a 
domestic wastewater treatment plant.  
In the acclimatization stage, the SBR was fed with increasing wastewater volume as biomass 
degraded the influent COD. In addition, the MLSS was monitored in order to check the biomass 
growth after the initial depletion. Total and volatile suspended solids of the mixed liquor were 
determined according to Standard Methods [18].  
After the acclimatization stage, SBR experiments were performed varying the hydraulic retention 
time (HRT). The cycle duration and the phases per cycle were the same as in the SBR start-up. 
Tab. 2 shows operating parameters for each HRT tested. tF is the feeding time, tR is the aerobic 
reaction time, tS is the settling time, tD is the draw time and tI  is the idle time, taking into account 
that the whole duration of each cycle was 12h (tC). This table also includes the replacement volume 
per cycle, the fill time ratio (FTR) and the volume exchange ratio (VER). The fill time ratio is the 
proportion between tF and tC. The volume exchange ratio is the quotient between the feed volume 
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2.4.2. Settling experiments  
In order to improve the process performance, two cationic polyelectrolytes were tested to improve 
the efficiency of the mixed liquor settling. The polyelectrolytes, both provided by Chemipol S.A. 




The settling experiments were carried out in two operating modes in the test with the selected HRT 
(test referred as T4, HRT=48h).  
In the first operation mode (Mode 1), each polyelectrolyte was added to the SBR effluent (samples of 
250mL) in a conventional jar-stirring device. Polyelectrolytes doses of 1, 2, 3, 4 and 5 mg L-1 were 
added and mixed at 30 rpm for 15 minutes. After that, the samples were poured in Imhoff cones and 
settled during 30 minutes (V30 was measured).  
In the second operating mode (Mode 2), the CH-30 polyelectrolyte was added in the SBR reactor in 
different concentrations (1-5 mg L-1) before the sedimentation phase. The stirring velocity and the 
mixing time were identical to that of the Mode 1, i.e. 30 rpm and 15 minutes. 
For both modes, the total settled sludge volume (V30), turbidity and suspended solid concentration 
were measured.  
3. Results and discussion 
3.1. SBR experiments 
According to the start-up strategy, during acclimatization stage the soluble COD removal efficiency 
was kept almost constant since the fed wastewater volume was gradually increased, reaching values 




However, MLSS went down at the beginning of the starting up since biomass was still not completely 
adapted to the wastewater. After five days, a gradual increase of MLSS was observed. Thus, biomass 
yield increased sharper after the 15th day. The high biomass yield and the constant soluble COD 
removal efficiency led to confirm that biomass acclimation had finished. Concerning MLVSS 
concentration, it has to be highlighted that, on average, 64% of the MLSS were volatile. This low 
percentage was due to low organic load values (between 0.032 and 0.080 gBOD5/(gMLSS·d)), which 
are in concordance with the high HRT.   
3.2. Effect of the variation of the HRT on the SBR performance 
As commented in materials and method section, the raw wastewater was diluted with the aim of 
operating the SBR without sudden changes in salinity, since previous studies [19, 20] reported that 
salinity changes affect negatively the biological process efficiency [21, 22]. In addition, dilution 
provides less polluting load, what improves the removal efficiencies when toxic substances are also 
found, like in tannery wastewater, as reported by Sirianuntapiboon [23].  
Fig. 3 shows the evolution of the soluble COD removal efficiency and MLSS and MLVSS 
concentrations in the SBR during the tests. It is observed that, for all tests COD removal efficiency 
was reduced down to 80% after two days of operation. This can be probably due to the inhibition 
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effect of synthetic organic substances in wastewater that accumulate in the reactor, as reported by 
Karahan et al. [10]. Thus, COD removal efficiencies reached in the start-up phase could not be 
achieved. Concerning the variation of the COD with the HRT, it can be observed that when the HRT 
values were reduced, COD removal efficiency kept approximately constant (between 85 and 95%). 
Consequently, the variation of the HRT did not influence the reactor performance.  This behaviour 
was based on maintaining a high MLSS concentration in the reactor. It has to be mentioned that the 
diminution of the HRT implied an increase in the organic fraction of the MLSS; thereby more 
microorganisms were available to degrade the wastewater COD. This increase was particularly 
important at HRTs of 57.6 h and 48 h. The %MLVSS achieved were 60%, 70%, 82% and 85%, for HRTs 
of 144 h, 71h, 57.6 h and 48 h, respectively. It was a consequence of the diminution in the 
endogenous respiration of the microorganisms, since more substrate is available (the diminution of 




It is worth commenting that a residual soluble COD between 400-600mg·L-1 remained in the effluent 
of the SBR. This organic matter is referred to be the refractory matter; i.e. the matter that cannot be 
degraded by the microorganisms. In this way, these compounds, which come from some chemical 
products used in the tannery, were eliminated neither in the previous physical-chemical treatment 
nor in the biological treatment. 
3.3. Settling experiments  
Although the best results in terms of soluble COD removal efficiencies were achieved at HRT=2 days, 
high turbidity values in the effluent were measured (165 NTU). These results could be caused by the 
presence of filamentous bacteria that affects negatively to the flocs structure (Fig. 4a) [21, 22].  
Fig.s 4b and 4c show some of the microorganisms in the mixed liquor from test T4. The 
microorganism found like amoeboid, flagellates, ciliates and rotifers as well as the floc structure were 




In order to improve the quality of the effluent additional settling experiments were carried out using 
polyelectrolytes. [27, 24]. 
3.3.1. Polyelectrolyte selection for settling experiments.  
Since SBR effluent and the mixed liquor have negative charge due to the ionization of functional 
groups such as carboxylic, sulphate and phosphate of the extracellular polymeric substances, two 
cationic polyelectrolytes were chosen. 
Figs. 5 and 6 depict the effect of two cationic polyelectrolytes (CV-250 and CH-30) on the turbidity 
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The use of both polyelectrolytes reduced significantly the suspended solids and the turbidity. As 
expected, both parameters followed the same tendency. At low concentrations, the values of these 
parameters were similar for both polyelectrolytes whereas differences were observed at the highest 
concentrations. 
The lowest value of turbidity was obtained with CH-30 at a concentration of 4 mg L-1 with a turbidity 
removal of 95% whereas with CV-250 the removal efficiency was 81% with 1 mg L-1. Besides, the 
highest TSS removal efficiencies were 79% (4 mg L-1) and 66% (1 mg L-1) for CH-30 and CV-250, 
respectively. For both polyelectrolytes the soluble COD removal values barely changed between 21-
24%. 
Fig. 7 depicts the influence of the polyelectrolytes concentration on the settled sludge volume (V30). 
For CH-30 the increase of the polyelectrolyte concentration did not change appreciably the settled 
sludge volume. On the contrary, solids sedimentation was not observed for CV-250, except for 1 mg 
L-1. These results are in accordance with the measured turbidity and suspended solids in the 
supernatants. Thus, for CV-250, the slight removal efficiencies achieved for turbidity and TSS were 




In general, it was observed that when cationic polyelectrolytes were added to the SBR effluent 
(mode 1), compact flocs were formed due to the electrostatic attraction between cationic 
polyelectrolyte and the colloid particles. However, the size of the formed flocs was different 
depending on the kind and dose of added polyelectrolytes. Since CV-250 has higher molecular weight 
than CH-30, bigger flocs were formed when CV-250 was tested. But, on the contrary, the flocs 
consistency was better for CH-30. CH-30 would be within a micro-polyelectrolyte network where 
flocs are more resistant and denser comparing to CV-250 that could not be completely enmeshed in 
the network, due to the electrostatic repulsion and steric hindrance.  
Taking into account these results, the CH-30 was chosen for the second part of the settling 
experiments (adding the polyelectrolyte in the SBR following mode 2).  
3.3.2. Comparison between operating mode 1 (polyelectrolyte addition to the SBR effluent) and 
operating mode 2 (polyelectrolyte addition to the SBR reactor) using CH-30. 
Fig. 8 shows the turbidity and TSS values when CH-30 was added to the effluent (mode 1) and into 
the reactor (mode 2) in order to compare both operating modes.  
 
(Figure 8) 
According to the results shown in these figures, the best results were obtained when the 
polyelectrolyte was added to the SBR effluent. In fact, it can be highlighted that the additions of 
polyelectrolyte in mode 2 worsen the effluent quality increasing the turbidity values. In mode 1, the 
turbidity values were lower than 10 NTU achieving the lower value at 4 mg L-1. The TSS values were 
slightly influenced for a polyelectrolyte concentration higher than 1 mg L-1.  
The results obtained in both operating modes can be discussed from different points of view. On one 
hand, these results could be attributed to the adsorption of the polyelectrolyte on colloid particles 
through mainly the hydrophobic, hydrogen bonding and the Van der Waals effects. However, as 
figure 8 shows, these effects were different according to the operating mode.  
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For mode 1, the electrostatic attraction between cationic polyelectrolyte and the colloid particles 
generated more compact flocs as well as a better capture efficiency of small and dispersed particles. 
This is in accordance with lower turbidity values in supernatant after 30 minutes of settling. In mode 
2 poorer flocculating properties were achieved. Thus, to improve the settling experiments in mode 2, 
the polyelectrolyte concentration should be increased [25, 26]. 
On the other hand, these results could be attributed to the toxicity effect of the polyelectrolyte on 
the biological process as some authors reported [27], driving to bacterial damage or preventing 
bacterial adhesion mechanisms within the flocs. Thus, polyelectrolyte might reduce the overall 
bonding capacity in the flocs through changes in extracellular polymeric substances. As a 
consequence, the polyelectrolyte works better in mode 1 instead of mode 2 due to the interactions 
between polyelectrolyte and colloids. Polyelectrolyte has more chance to bridge with particles found 
in the effluent than in the mixed liquor of the SBR reactor [28]. 
4. Conclusions 
The reduction of the HRT from 144h to 48h in an SBR treating tannery wastewater was possible 
without diminishing the soluble COD removal efficiencies. It was proved that efficiencies between 75 
and 85% were achieved. These values are limited by the refractory COD of the tannery wastewater. 
However, for all the tested HRTs, settleability problems appeared and high turbidity values were 
measured. 
CH-30 polyelectrolyte was more effective than CV-250 in terms of turbidity and TSS removals in the 
effluent achieving efficiencies of 95% and 79%, respectively at             4 mg·L-1. As a result, the settling 
sludge volume for CH-30 was higher than CV-250. The formed flocs with CH-30 were smaller but 
more consistent than CV-250.    
Two ways of adding the CH-30 polyelectrolyte were tested. The best results were obtained when the 
polyelectrolyte was added to the effluent of the SBR. The lower colloidal particles content related to 
the mixed liquor improved the bonds between colloidal particles and the polyelectrolyte.  
Symbols used 
COD  [mg L-1] chemical oxygen demand 
tC  [h]  cycle time 
CAS  [-]  conventional activated sludge 
tD  [minutes] draw time 
VF  [L]  Feed volume 
tF  [minutes] feeding time 
FTR  [h]  fill time ratio 
HRT  [h]  hydraulic retention time 
tI  [minutes] idle time 
MLSS  [mg L-1] mixed liquor suspended solids 
MLVSS [mg L-1] mixed liquor volatile suspended solids 
CH-30  [-]  polyelectrolyte  
CV-250 [-]  polyelectrolyte  
tR  [minutes] reaction time 
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Vreaction  [L]  reaction volume 
SBR  [-]  sequencing batch reactor  
V30  [mL L-1] settled sludge 
ts  [minutes] settling time 
TSS  [mg L-1] total suspended solids 
Vtotal  [L]  total volume 
VER  [h]  volume exchange ratio 
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Table 1. Composition of the diluted wastewater samples 
Parameter Values 
pH 6.3-8.40 
Conductivity (mS cm-1) 7.4-8.75 
Turbidity (NTU) 75-170 
Phosphorous (mg L-1) 3.20-3.50 
Suspended solids, SS, (mg L-1) 525-650 
Soluble COD (mg L-1) 1500-4000 
BOD5 (mg L-1) 480-1225 
 
Table 2. SBR operating parameters 
Operation parameter 
HRT 





tC (h cycle-1),  12 12 12 12 
tF (min) 7 14 17 20 
tR (min) 540 540 540 540 
tS (min) 100 100 100 100 
tD (min) 3 6 7 8 
tI  (min) 70 63 60 57 
Vreaction (L) 6 6 6 6 
FTR 0.010 0.019 0.024 0.028 
VER 0.083 0.167 0.208 0.250 
Replacement volume per 
cycle (L cycle-1), VF 
0.50 1.00 1.25 1.50 
* Tests 3 and 4 (the best results) were duplicated in order to see the reproducibility of 
measurements. 
 
Table 3. Properties of the tested polyelectrolytes provided by the manufacturer. 
Parameter Chemifloc CH-30 Chemifloc CV-250 
Density (g mL-1) 0.85 0.80 
Viscosity at 0.25% (cps) 400 400 
Charge type cationic cationic 
Molecular weight (g mol-1) 5.0·106 – 8.0·106   8.0·106 – 1.1·107   
pH (5 g L-1) 2.5-4.5 2.5-4.5 
Particle Distribution Size  2% > 10 mesh 
6% < 100 mesh 
2% > 10 mesh 
6% < 100 mesh 
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Figure 1. SBR laboratory plant scheme. 
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Figure 3. Evolution of MLSS, MLVSS and soluble COD for each HRT: (a) HRT=144 h, (b) 
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Figure 4. Microscopic images of the mixed liquor (x400) (from test T4): (a) Filamentous 
bacteria, (b) Ameboid, (c) Vorticella. 
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Figure 5. Influence of CV-250 and CH-30 concentrations on the turbidity of the effluent. 
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